ICs for MOTOR CONTROL AN8210NK

AN8210NK

IC for FDD Spindle Motor Control
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ICs for MOTOR CONTROL AN82T0NK
Bl Pin
Pin No. Pin Name Pin No. Pin Name
1 FG Amp. Output 13 Motor Driving Output W
2 Count Switch-over 14 Motor Driving Output U
3 Verocity Error Output 15 Motor Driving Output V
4 Error Amp. Inversion Input 16 Vee
5 Error Amp. Output 17 Hall Amp.1+Input
6 Low-pass Filter 18 Hall Amp.1—Input
7 Oscillation Circuit 2 19 Hall Amp.2+Inut
8 Oscillation Circuit 1 20 Hall Amp.2—Input
9 Start/Stop Switching 21 Hall Amp.3—Input
10 Hall Element Bias 22 Hall Amp.3+Input
11 GND 23 FG Amp.+Input
12 Current Sensing 24 FG Amp.—Input
Bl Absolute Maximum Ratings (Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee 20 A%
Supply Current Tec 900 mA
Motor Drive Pin Voltage Vi, Vi, Vis 20 A%
Pin Applied Voltage Vi~Vy Ve ~0.3~4+55 v
Hall Amp. Input Pin Applied Voltage Viz~Va 0~Vee A%
Circuit Current 1 I, —-900~0 mA |
Motor Drive Pin Current Lis,lia1is —900~ 4900 mA
Circuit Current 2 Los —20~+1 mA
Power Dissipation Py 2.5 w
Operating Ambient Temperature Topr —20~+75 T
Storage Temperature Tetg —55~ 4150 C
B Electrical Characteristics (Ta=25C)
Item Symbol C’il;gitit Condition min. | typ. | max. | Unit
Quiescent Current at Standby Igs 1 Ves=2V 0.3 0.5 | mA
Quiescent Current at No-load Tan 1 Vs =0V 18 25 | mA
Reference Voltage Part
Reference Voltage Vor 2 Ior=0mA 2.3 2.8 \'%
Output Sink Current Tor 2 0.5 mA
Output Source Current Tox 2 —15 | —10 | mA
Output Impedance Zox 2 Tor =0~ —10mA 5 10 Q
FG Amp./Schmitt Part
Offset Voltage Vosr 3 —15 15 | mV
Feedback Resistance Ree 7.5 10 125 kQ
Output Sink Current Ior 4 V=0V, V=3V 3 mA
Output Source Current Ior 4 V=0V, Vy=2V —3 | mA
Gain Bandwidth Product fosr 4 Vr=Vog, lor=0mA 1 MHz
Oscillator Circuit Part
Oscillation Frequency Temperature Change | Af/AT ‘ 5 ‘ l ~10 | | ppm/C
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ICs for MOTOR CONTROL

ANS8210NK

B Electrical Characteristics (cont’d)(Ta=25C)

Item Symbol CiTrisﬁtit Condition min. | typ. | max. | Unit
Speed Error Detection Part
Count Change-Over Voltage Ver 6 1.0 1.8 2.5 \%
Max. Clock Frequency frmax 6 800 kHz
No. of Count 1 Nem 6 Ver=0V 1022 Times
No. of Count 2 Nere 6 Ver=2.5V 2046 Times
Speed Error Output Part
Qutput Low Voltage VoLc 7 0.1 0.3 \'
Qutput High Voltage Vouc 7 4.4 5.5 A%
Output Sink Current Toc 7 300 uA
Output Source Current Toc 7 —150 | wA
Error Amp. Part
Output Sink Current Toe 9 2 mA
Output Source Current Tos 9 —2 | mA
Gain Bandwidth Product foar 9 800 kHz
Qutput Residual Voltage Vo Ves=4.5V, Pin®—GND 70 | mV
Drive Control Amp. Part
Threshold Voltage Vrup 10 2.3 2.55 2.8 \%
Drive Gain Ay 10 1.6 1.8 2.0 | Times
Emitter Voltage Vi 10 0.59 0.66 0.72 A%
Open Loop Drive gain Aop 30 dB
Hall Amp. Part
Phase Input voltage Range Vien 2 Vee—2 v
Drive Input voltage Range Vion 400 | mV
Hall Input Sensitivity Visu 10 mV
Hall Offset Voltage Vosu 11 20 | mV
Input Bias Current Igu 12 1.0 50 | uA
Drive Output Part
Saturation (Upper) Vsu 13 1.2 1.4 \Y%
Saturation (Lower) Vse 13 0.75 1.1 \%
Leak Current at OFF Lo 13 —20 20 | uA
Start/Stop Control Part
Input Low Voltage Vio 0.7 v
Input High Voltage Viu 2.0 \%
Input Low Current T 14 Vs =0V —100 | —50 rA
Input High Current Iin 14 V=2V 10 100 | A
Protection Circuit
Protection Operating Point Ts 150 C
Hysteresis Width Tup 25 T
FG Amp./Schmitt Part
FG Frequency fre 6 499.5 | 500.0 | 500.5 Hz
FG Frequency Supply Voltage Change | Afpe/AVec 100 | ppm/V
FG Frequency Load Change | Afec/AL 0.05 %
Panasonic
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ICs for MOTOR CONTROL AN8210NK

B Electrical Characteristics (Cont’d) (Ta=25C)

Item Symbol C};’iﬁt Condition min. | typ. | max. | Unit
Drift at Lapse of Rotating Speed AN* Standard motor mounted 0.1 %
FG Amp./Schmitt Part
Open Loop Gain Aye* Ve=Vog Ior=0mA 70 80 dB
Schmitt width Vss* 15 25 50 { mV
Speed Error Output Part
Open Loop Gain Ave* 65 75 dB
Qutput Leak Current Ic* 7 0.1 rA
Input Bias Current Ige* 8 0.1 | A
Quienscest High Breakdown Level ' Ve* | | Applied between GND and each pin(C=100pF, No R) ! © 300 | ) | v

Note) Operating Supply Voltage Range : Vecopn=9~16V
% These values are of reference values for design but not for guaranteed values.

Test Circuit 1 (Igs, Igy)

P,—Ta 4.8V ¢ 5.2V
VCC
12 (a) Ta=Te ]
(h) without 2423222120191817161514 13
R 10 \ AN8210NK
=
= 8 1 2345678 9101112
F \
s \ l' i l j 1000
B \a>
a 0jc=17.5C/W
E 4 : . Vsss
L » \ Test Circuit 2 (Vyg, Ipp, Zog)
2 - 4.8Vo 05.2V
o Vcc
0 |
0 50 100 150 200
I 16151413
Ambient Temperature ('C) oRT§ % 242322 2120191817161
AN8210NK
12 34567 89101112
Test Circuit 3 (V,q.) 100Q
4.8V, 5.2V )
! v Test Circuit 4 (Lyg, fopp)
100 I « 4.8Vg o 5.2V
242322212019181716151413 o Vee
g | 11
AN8210NK % Vy 2423222120191817161514 13
123456789101112 l"VR ANB8210NK
@i i J'Liflooil 12345 6789101112
vn(x-
100 Q
v t
VOSF:T:)% Yop o 'IUF
When output sink current Ior=3mA, Vo<17V (Vx=3V, V;=0V)
{When output source current Ior = —3mA, Vo>3.2V (Vx=2V, Vg=0V) ]
Open loop gain Ayr=20log (v4/Vs))
Panasonic
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ICs for MOTOR CONTROL AN8210NK

VCTs fmax.s NC'I‘lv NCTZ
frer Afpe/dVee, dfge/ 4L

Test Circuit 5 (4{/4T) Test Circuit 6 (

4.8V 5.2V
o 5.1V SWi  SW: SW;
? : 05 50 50 12V
———0

oVee

[ ]
242322212019181716151413

4.9Vo—13 21771

5.0Vo—
2 : ; 18171615 14
=] 242322212019181 13
ANB8210ONK 25 |3
= =
12345678 9101112 S£ TS ANB210NK
2. (5] 21000 s 12345678 9101112
al* o e
Sk — | [ RegtH
Counter S NF | T -3 =
Ve i Sl TR &
CMOS Buffer 8y |2 Tors ;L-. P
® Ceramic resonator is used. (512kHz) 0.47uF 50kQ
20kQ  50kQ
o VCO
¥G
V/F conversion gain 10%/V
Input range —10~+1V
Full range 4.0kHz ZOkQ 25kQ
O (@]
Example : HP3314A, etc. are available. VLOAD* 0.5V

Test Circuit 7 (Vores Vouwe loc Ie)

® Ceramic resonator (512kHz)

Ve, Veik and Speed Error Output Timing Chart

3
4.8V 5.2V V)
79 12V v _ﬂ ﬂ ” H
VFGO——‘— o FG 1 ===
» S, A Xz X1021 X1
247232221201918 1716151413 o I ...... 'I H]" 'I 'I I
VCLK 1
ANB210NK 3
1 23456789101112 Vouck ™ N SRR e i TI%
o] fi Lc I
| ] JI = Ve Undefind /| Lo
sw o117 g A Lot
2.5V 10 Voe ~ Veik oLe oc

20kQ

Test Circuit 8 {Iyg)

4.8V 5.2V
T T 12V

Sasui

242322212019181716151413

ANB210NK

3 6 7 8 9101112

LV§£ L[]

1

100Q

v

Test Circuit 9 (Iog, fone)
4.8V 5.2V
o o

12V
)

[ 1]
2423222120191817 16151413

ANB82TONK

1234567 89101112
S b b |

7

(When output sink current lor=2mA, Vo <1.6V (V,=3V

100Q

, Ve=0V)

When output source current Iop=—2mA, Vo>1.8V (Vy=2V, Vs=0V)

Open loop gain Ay;=20og (v,/Vs))
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ICs for MOTOR CONTROL

AN8210NK

Test Circuit 10 (V'I‘HI)’ A(;]), VL[))

SW: SW: SWws Vs

Vs— Vs Input/Output characteristics

Drive gain ACD=AY/AX

5.1V 5 T30 12V (aX=02V)
——————0
4.9Vo—17 LI = v
5.0Vo = AY Lh
S X Measgre each' point .(VTHD, Acp,
2423222120101817 16151413 0" Vo TV Vio) in the figure right.
AN8210NK
Item| SW SW, SW. At the same time, change over
12345678 9101112 : ’ ° switches SW, to SW, as shown
l 1 1 0 1 in figure left and measure
§ 9 1 1 0 points described above for each
Vg =y item.
’ S cs 3 0 1 1
Test Circuit 11 (Vgy) Test Circuit 12 (Izy)
5.2V
T 5.02V 12V
4.8V 4.98V e 4.9Vo —o 12V
o Q X 5.0Ve
o
09400
242322212019181716151413 As shown in the figure left, 242322212019181716151413
when all polarity of hall amp.
ANS8210NK input €/@ and Pin @ are AN8210NK
reversed from 5.2V to 4.8V and
1 2345678 91011121 4.98V to5.02V respectively, the 1 23456 789101112
o polarity of drive output is ]__1_ o
S reversed, checking the offset =
] ™ voltage of Pin @. Similarly, =
3.5V measurement is made for each 24
phase.
Test Circuit 13 (Vg, Vg, L)
10V Logical Table of Phase Change-over (Hall Input-Drive Output Logic)
51V 05W1 SWg SV%S No. | SW. | SW, | SW, | 13(W) | 14(U) | 15(V)
L9Vo IYO 0] ?1 % 1 1 1 1 off off off
5 0V o— sw,| Vsu 2 1 1 0 off H L
3 1 0 1 L off
242322212019181716 151413 4 0 1 1 L off H
ANS210NK 5 1 0 0 off L
Lo Ver 6 0 1 0 L H off
12345678 9101112 7 0 0 1 off L H
8 0 0 0 off off off
3.5V According to the logical table above, determine outputs for Pins @
: ‘to @ to appropriately select SW, or SW; for measurement.
Panasonic
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AN8210NK

Test Circuit 14 (I, Liy)
4.8V 5.2V 12V

T 7
|

]
2423222120191817 16151413

ANB8210NK

1 2345 6789101112

IR

s/8

1000

MOperation Explanation
1. Oscillator

-

g 0sC

SVil/ : Diving change-over

According to oscillating frequency of the oscillator,
set the rotating speed of a motor.

Ceramic vibrator is used as resonator so that oscilla-
tion from 190kHz to 1MHz may be available.

Some 10pF is used for capacitor C, capacitance. Fine-
adjustment of oscillating frequency is made possible
according to capacitance values. '

When using an external clock, input is made from Pin
®.

Division of clock frequency can be switched in “*Low”
or ‘Open” by using Pin @ and the count number of an
internal counter can be changed. In this case, the
equivalent counter number is N=1022 when SW, is in
Low and N.=2046 when SW, is in Open.

The rotating speed of a motor N can be obtained by
the following equation.

—gp fosc
N=60. Ne-Z (rpm)

fosc: Oscillating frequency (Hz)

N¢ : Equivalent count number Nc:ff‘JJ
FG

Z : FG tooth number
fee : FG frequency (Hz)

2. FG Amp. Schmitt Circuit

Schmitt Width

I =25mA

Open Loop Gain 80 dB
Counter Reset

The figure above is an example of an internal block
and external circuit of Schmitt circuit.
DC operation of FG amp. is follower. However, when
the circuit as shown in the figure above is used, AC
operation is an inverted circuit. Gain Av is as shown
below.

Av =—R/R; (Ri=10kQ)
Gain should be set within the range of amp. output
swing (1~4 V typ).
High pass and low pass filters should be configured
with C,, Rs and Cs, R respectively, excluding noise
elements.
Cutt-off frequency for each filter fcy and foo will be as
follows.

feu=1/27 C; Rs, for=1/2z C. R;
If FG frequency is frc, set so as to be fon<fpe<fci.
For Cis, FG is made by DC bias; thus, is used for AC
grounding purpose.

— 415 —

Panasonic



ICs for MOTOR CONTROL

ANB8210NK

3. Error Amplifier Part

Buffer Amp.

Wy
Rm SkQ

Charger Pump "I"’ Open Loop Gain 80 dB

Logic Output

In the error amp. part, the speed detection error is
made smooth and amplified. Main characteristics stich
as control system stability, transient characteristics,
etc. are determined in this part.
Each constant is determined as follows.
Bode diagram of control system is shown below. For
an increase of characteristics in low frequency area,
the mirror integrator is combined with phase-lead-lag
compensation. Frequency at each pole and zero-point
will be as follows.

@ : 1/(Constant for motor)

@, : 1/(Constant for mirror integrator)

@z . 1/C2R2
Gy 1 1/ (Cl//CZ)R
@s : 1/C3Ry,
A
20log(——==)
AT _| %o Characteristic due 4
to motor inertia 3
e
2
(AT : Load torque change g
AN ‘Rotating speed change g
=
g
=
£
— <
9]
N\ —
®

Gain inverse number due to control circuit

Points should be set so that frequency of gain intersec-
tion wdB may be w;<a,dB< @,. With this, stability
of cotrol system can be guaranteed.

Normally, k,=w,/@;=10 (approx.) and k,= e/,
dB>20 are set.

Forw,;, wow and flutter are increased addtionally.

4. Hall Amp.

Hall Amp., Three-phase
Change-over

Hall amp., Three-phase Change-over

Hall amp. performs three-phase change-over upon
input of hall elements.

Input sensitivity in this case is approximately 10 mV.
Current to be flowed to hall elements are set by resis-
tors R; and R,. At this time, if GND side is connected
to Pin @, hall current can be turned OFF in Standby

mode.
B¢, W, @
H—

5.Driber
7]
14

o |

1

Driver output is connected, for example, as shown in
the figure above. Motor coil current is set by resistor
Rs. Because electric potential of Pin @ is internally set
to limit level (=0.66V), it can be used as a current
limiter with Res value.

6. Heart Protection

Virtual junction temperature of IC is about 150°C and
driver current becomes Cut-off. Thereafter, reversion
is made in about 25°C of hysteresis width.

7. Start/Stop Mode

Motor rotation can be started/stopped by Pin @.
Since logical level is compatible with TTL standard,
motor can operate at low input current even in CMOS.
Start and stop can be accomplished in Low and High
respectively.

Current consumption at stop (Standby mode) is very
small, current of 500 zA or less including hall current

is made possible.
(Eatch Terminal Voltage Waveform)

. HH\/‘""“\ﬁ/‘ “““
Hi--—~ Seooo-- ol N

1 H2 et N, -
g%:-\__:::.:""/ AN

N E i

N e . Mid-point

3 ;
U _'“L [ 1 __ Electric,
| ‘Potential

v 1 I | Mid-point Electric
J | [ Potential
A\ T L ’—'Mid-point
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Request for your special attention and precautions in using the technical information and
semiconductors described in this book

(1)If any of the products or technical information described in this book is to be exported or provided to non-residents, the laws and
regulations of the exporting country, especially, those with regard to security export control, must be observed.

(2)The technical information described in this book is intended only to show the main characteristics and application circuit examples
of the products. No license is granted in and to any intellectual property right or other right owned by Panasonic Corporation or any
other company. Therefore, no responsibility is assumed by our company as to the infringement upon any such right owned by any
other company which may arise as a result of the use of technical information described in this book.

(3)The products described in this book are intended to be used for standard applications or general electronic equipment (such as office
equipment, communications equipment, measuring instruments and household appliances).

Consult our sales staff in advance for information on the following applications:

* Special applications (such as for airplanes, acrospace, automobiles, traffic control equipment, combustion equipment, life support
systems and safety devices) in which exceptional quality and reliability are required, or if the failure or malfunction of the prod-
ucts may directly jeopardize life or harm the human body.

* Any applications other than the standard applications intended.

(4)[The products and product specifications described in this book are subject to change without notice for modification and/or im-
provement. At the final stage of your design, purchasing, or use of the products, therefore, ask for the most up-to-date Product
Standards in advance to make sure that the latest specifications satisfy your requirements.

(5)'When designing your equipment, comply with the range of absolute maximum rating and the guaranteed operating conditions
(operating power supply voltage and operating environment etc.). Especially, please be careful not to exceed the range of absolute
maximum rating on the transient state, such as power-on, power-off and mode-switching. Otherwise, we will not be liable for any
defect which may arise later in your equipment.

1 Even when the products are used within the guaranteed values, take into the consideration of incidence of break down and failure
mode, possible to occur to semiconductor products. Measures on the systems such as redundant design, arresting the spread of fire
or preventing glitch are recommended in order to prevent physical injury, fire, social damages, for example, by using the products.

(6)[Comply with the instructions for use in order to prevent breakdown and characteristics change due to external factors (ESD, EOS,
thermal stress and mechanical stress) at the time of handling, mounting or at customer's process. When using products for which

damp-proof packing is required, satisfy the conditions, such as shelf life and the elapsed time since first opening the packages.

(7)(This book may be not reprinted or reproduced whether wholly or partially, without the prior written permission of our company.
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